Background
==========

Pancreatic ductal adenocarcinoma (PDAC) is an aggressive cancer with a high incidence and mortality rate \[[@b1-medscimonit-22-1593]\]. The traditional treatment of PDAC is surgical resection, with 5-year survival rate of less than 26% \[[@b2-medscimonit-22-1593]\]. PDAC is a malignant cancer with lesion extension, metastases to LN or liver, and contiguous organ invasion \[[@b3-medscimonit-22-1593]\], leading to cancer progression to an advanced stage. Ultrasound and PET-CT are usually used to detect PDCA \[[@b4-medscimonit-22-1593],[@b5-medscimonit-22-1593]\], but effective early detection methods are still lacking. In recent years, researchers have explored molecular factors associated with the prognosis of and therapy for metastasis of PDAC. Chemokine (C-C motif) ligand 18 (CCL18) is reported to be a biomarker for prognosis and diagnosis of PDAC, and thought to induce the expression of SNAIL1 (a zinc-finger transcription factor), and promote the epithelial-mesenchymal transition and the migration of cancer cells \[[@b6-medscimonit-22-1593]\]. TM4SF1 (transmembrane 4 L six family member 1) is a cell surface protein detected in many cancers; it can reduce the migration of PDAC by increased E-cadherin expression \[[@b7-medscimonit-22-1593]\]. It has been suggested that miRNAs play a key role in prognosis of PDAC; researchers use miRNAs or anti-miRNAs as a biomarker for PDAC therapy \[[@b8-medscimonit-22-1593]\]. There are other molecular factors associated with the migration of PDAC, such as nicotinic acetylcholine receptor (nAChR) \[[@b9-medscimonit-22-1593]\], PEBP4 \[[@b10-medscimonit-22-1593]\], collagen type V \[[@b11-medscimonit-22-1593]\], and SIRT 1. These biomarkers are implicated in cell migration with different functions, promotions, or suppressions. Exploring the function of biomarkers contributes to the study of tumorigenesis and migration of PDAC.

SIRT 1 is a class III histone deacetylase, a member of the silent information regulator (SIR) 2 family, and modulates various metabolic pathways \[[@b12-medscimonit-22-1593],[@b13-medscimonit-22-1593]\]. It is found in many metabolic tissues such as liver, pancreas, skeletal muscle, adipose tissue, and brain. It regulates the protein deacetylation and impacts the pathophysiology of many metabolic diseases \[[@b14-medscimonit-22-1593],[@b15-medscimonit-22-1593]\]. It has been reported that SIRT 1 is a potential therapy for non-alcoholic fatty liver disease (NAFLD) \[[@b16-medscimonit-22-1593]\], amyotrophic lateral sclerosis (ALS) \[[@b17-medscimonit-22-1593]\], kidney disease \[[@b18-medscimonit-22-1593],[@b19-medscimonit-22-1593]\], and pulmonary disease \[[@b20-medscimonit-22-1593]\]. In recent years, researchers have focused on the function of SIRT 1 in cancers. What is interesting is that the function of SIRT 1 acting as a tumor promoter or tumor suppressor mainly depends on the tumor type. Several studies provide evidence that SIRT 1 may promote genetic stability and suppress tumor formation \[[@b21-medscimonit-22-1593]\]. Other studies suggest that SIRT 1 takes part in the oncogenic signaling pathway in breast cancer \[[@b22-medscimonit-22-1593]\]. Moreover, in non-small-cell lung cancer (NSCLC), SIRT 1 was found to inhibited anti-tumor activities by reducing the expression level of tumor suppressor p27 \[[@b23-medscimonit-22-1593]\]. High expression of SIRT 1 was found to be a negative prognosticator of PDAC \[[@b24-medscimonit-22-1593]\]. Therefore, SIRT 1 appears to be an essential molecular factor in cancer progression. At present, there are few studies about SIRT 1 and tumor migration; the association of SIRT 1 and cancer migration in PDAC is still equivocal.

In this study, we focused on SIRT 1 expression in PDAC. We determined the expression level of SIRT 1 in tumor tissues and investigated the role of SIRT 1 in the migration and growth of PDAC PANC-1 or BxPC-3 cells using gain-of-function and loss-of-function approaches. Our results demonstrated the association of SIRT 1 overexpression with cell migration and growth.

Material and Methods
====================

Pancreatic ductal adenocarcinoma tissues and cells culture
----------------------------------------------------------

In this study, PDAC tissues were collected by surgical resections from 91 PDAC patients, who were registered in the Inner Mongolia People's Hospital from March 2012 to April 2015. All tissue samples were stored at 80°C before use. [Table 1](#t1-medscimonit-22-1593){ref-type="table"} shows detailed characteristics of the 91 patients. All of the PDAC patients were informed about the study process before the surgical operation, and written consent was obtained for the use of the resected tissues in medical or scientific research. The study was approved by the Institutional Ethics Committee of our hospital. Pancreatic cancer PANC-1 and BxPC-3 cells were purchased from American Type Culture Collection (ATCC) (Rockville, MD, USA), and were cultured in RPMI1640 medium (Gibco, Rockville, MD, USA), and supplemented with 10% FBS (fetal bovine serum, Gibco, Rockville, MD, USA), 100 U/mL of penicillin, and 100 μg/mL of streptomycin (Sigma-Aldrich, St. Louis, MO, USA) at 37°C with 5% CO~2~.

Construction of the recombinant plasmid, cell transfection and infection
------------------------------------------------------------------------

For the overexpression of SIRT 1 in PANC-1 or BxPC-3 cells, the SIRT 1 coding sequence was amplified and was cloned into pLenti6/TR vector (Invitrogen, Carlsbad, CA, USA). The recombinant virus of pLenti-SIRT 1 or control pLentivirus (pLenti-Con) was produced by cotransfecting 293T cells with pLenti-SIRT 1 or pLenti-Con and ViraSafe™ Lentiviral Packaging System (Cell Biolabs, San Diego, CA, USA). We used pLenti-SIRT 1 or pLenti-Con virus with 5 MOI (multiplicity of infection) to infect PANC-1 or BxPC-3 cells for 0 or 24 hours. To knockdown the SIRT 1 expression in PANC-1 cells, 30 or 60 nM SIRT 1-specific siRNA (siRNA-SIRT 1) or the scramble siRNA (siRNA-Con) (Genscript, Nanjing, China) was transfected with INTERFERin siRNA transfection reagent (Polyplus-Transfection Inc., San Marcos, CA, USA) into the PANC-1 or BxPC-3 cells with more than 85% confluence to abrogate the SIRT 1 expression.

Quantitative analysis of SIRT 1 with RT-qPCR
--------------------------------------------

To investigate the expression level of SIRT 1, we examined the mRNA level of SIRT 1 by RT-qPCR. The pancreatic cancers tissues (intra-tumor tissues and peri-tumor tissues), and PANC-1 or BxPC-3 cells were lysed with Trizol reagent (Life Technologies, Grand Island, NY, USA) according to the manufacturer's protocol; the mRNA samples were dissolved in RNase-free water and stored at −70°C immediately following isolation and before using. RT-qPCR reaction was performed using SYBR Green OneStep RT-PCR Kit (Takara, Tokyo, Japan) for each sample according to the manufacturer's manual. After the reaction, the mRNA level of SIRT 1 was calculated and presented as the relative level of SIRT 1 to β-actin (as an internal control) by ΔΔ Ct method.

Cell counting and imaging of cell migration
-------------------------------------------

PANC-1 or BxPC-3 cells were seeded into 24-well plates to 85% confluence, and then infected with 5 MOI pLenti-SIRT 1 or pLenti-Con virus, or transfected with 30 or 60 nM siRNA-SIRT 1 or siRNA-Con. Then cells in each well were scratched with a cell scraper, and observed for 24 or 48 hours. The cells that migrated across the baseline were counted.

Colony formation assay
----------------------

For the colony formation assay, PANC-1 or BxPC-3 cells (200--500 cells per well) were seeded into 12-well plates, and then infected with 5 MOI pLenti-SIRT 1 or pLenti-Con virus, or transfected with 30 or 60 nM siRNA-SIRT 1 or siRNA-Con. Two days later, cells were stained with 0.5% crystal violet (Sigma-Aldrich, St. Louis, MO, USA). Colonies were counted directly on the plate.

Statistical analysis
--------------------

Statistical analysis was performed using GraphPad Prism 5 (GraphPad Software, La Jolla, CA, USA). The characteristics of the pancreatic patients were analyzed by chi-square test. The relative mRNA level of SIRT 1 between intra-tumor tissues and peri-tumor tissues were analyzed by paired t-test. Data on distant metastasis and LN metastasis were analyzed using unpaired t-test between the two groups. The difference in relative SIRT 1 mRNA level between different groups is shown in [Table 1](#t1-medscimonit-22-1593){ref-type="table"} and was calculated with chi-square test. A *p* value \<0.05 was considered statistically significant.

Results
=======

The correlation of SIRT 1 overexpression with the metastasis of PDAC
--------------------------------------------------------------------

To study SIRT 1 overexpression with metastasis of PDAC, we collected specimens from 91 patients with PDAC, and analyzed the correlation of SIRT 1 overexpression with different patient characteristics, such as age, WHO tumor stage, LN metastasis, distant metastasis, and grade. The standard for low or high SIRT 1 expression was SIRT 1 mRNA level less than two-fold that of peri-tumor tissues. Result are shown in [Table 1](#t1-medscimonit-22-1593){ref-type="table"}. There was no significant difference in the expression level of SIRT 1 by age or tumor stage. However, there was a significant difference in LN metastasis and distant metastasis. The rate of SIRT 1 overexpression was much higher in patients with LN metastasis (*p*=0.014) or distant metastasis (*p*=0.020) than those without LN metastasis or distant metastasis. Moreover, the expression level of SIRT 1 was quite different by tumor grade; these results suggest that patients with SIRT 1 overexpression were more likely to have G3 than G2 or G1 tumors (*p*=0.006). This suggests an association of SIRT 1 overexpression with LN metastasis, distant metastasis, and tumor grade.

Overexpression of SIRT 1 in pancreatic cancers associating with cancer migration
--------------------------------------------------------------------------------

To investigate the association of SIRT 1 overexpression with pancreatic cancer migration, we measured the mRNA level of SIRT 1 between intra-tumor tissues and peri-tumor tissues of pancreatic cancer specimens. The mRNA level of SIRT 1 in intra-tumor tissues was much higher than in peri-tumor tissues, with β-actin as internal control ([Figure 1A](#f1-medscimonit-22-1593){ref-type="fig"} *p*\<0.0001). In addition, mRNA level in intra-tumor tissues with or without distant metastasis was measured ([Figure 1B](#f1-medscimonit-22-1593){ref-type="fig"}); the express level of SIRT 1 in the positive group was significant higher than the negative group (*p*=0.0027). In addition, the mRNA expression level was statistical different between positive and negative LN metastasis (*p*=0.0095, [Figure 1C](#f1-medscimonit-22-1593){ref-type="fig"}). Thus, SIRT 1 overexpression was positively associated with cancer migration.

SIRT 1 overexpression promotes the migration of pancreatic cancer cells
-----------------------------------------------------------------------

To investigate whether overexpressed SIRT 1 promotes the growth or migration of pancreatic cancer cells, gain-of-function and loss-of-function strategies were used for the cell migration assay and colony forming assay in pancreatic cancer PANC-1 or BxPC-3 cells. The PANC-1 or BxPC-3 cells were infected with one MOI pLenti-SIRT 1 or pLenti-Con virus for 24 hours; we examined the mRNA level of SIRT 1 at 0 and 24 hours. The results indicated that the relative (with β-actin as internal control) mRNA level of SIRT 1 in PANC-1 cells ([Figure 2A](#f2-medscimonit-22-1593){ref-type="fig"}) or BxPC-3 cells ([Figure 2B](#f2-medscimonit-22-1593){ref-type="fig"}) was significantly upregulated by infection for 24 hours, with one MOI pLenti-SIRT 1 virus compared to pLenti-Con virus (*p*\<0.001). However, mRNA levels of SIRT 1 was not significantly different among the groups at 0 hours post-infection. The migration assay results demonstrated that there were more migrated cells across baseline in the PANC-1 cells post-infection with one MOI pLenti-SIRT 1 than for post-infection with one MOI pLenti-Con virus for 24 hours (p\<0.01, [Figure 2C, 2D](#f2-medscimonit-22-1593){ref-type="fig"}). The result in BxPC-3 cells also demonstrated that infection with pLenti-SIRT 1 virus promoted cell migration (*p*\<0.01, [Figure 2E, 2F](#f2-medscimonit-22-1593){ref-type="fig"}). These result demonstrate that SIRT 1 overexpression promotes the migration of pancreatic cancer cells.

SIRT 1 knockdown inhibits the migration of pancreatic cancer PANC-1 cells
-------------------------------------------------------------------------

To reconfirm the regulation of SIRT 1 on PANC-1 cell migration, we knocked down SIRT 1 by transfected with SIRT 1-specific siRNA, using siRNA-Con as a control via transfection with 30 or 60 nM siRNA-SIRT 1 or siRNA-Con for 24 hours. [Figure 3A](#f3-medscimonit-22-1593){ref-type="fig"} demonstrated that the mRNA level of SIRT 1 in the PANC-1 cells was markedly reduced by transfection with siRNA-SIRT 1 compared to siRNA-Con with either 30 or 60 nM (*p*\<0.01 and *p*\<0.001, respectively). Moreover, as indicated by the imaging of the cell migration in [Figure 3B](#f3-medscimonit-22-1593){ref-type="fig"}, the transfection with siRNA-SIRT 1 significantly reduced the migration of PANC-1 cells (*p*\<0.01, [Figure 3C](#f3-medscimonit-22-1593){ref-type="fig"}). As such, siRNA-SIRT 1-mediated migration reduction was reconfirmed in BxPC-3 cells (*p*\<0.05, [Figure 3D](#f3-medscimonit-22-1593){ref-type="fig"}).

Therefore, knockdown SIRT 1 could significantly inhibit the migration of pancreatic cancer cells.

SIRT 1 promotes the growth of pancreatic cancer cells
-----------------------------------------------------

In addition, we evaluated the influence of SIRT 1 on the growth of pancreatic cancer cells with colony formation assay. As shown in [Figure 4A](#f4-medscimonit-22-1593){ref-type="fig"}, there were more colonies formed by PANC-1 or BxPC-3 cells post-infection with one MOI pLenti-SIRT 1 compared to one MOI pLenti-Con (*p*\<0.05, [Figure 4B](#f4-medscimonit-22-1593){ref-type="fig"}). On the other hand, there were fewer colonies formed by either PANC-1 or BxPC-3 cells transfected with 60 nM siRNA-SIRT 1 compared to 60 nM siRNA-Con (*p*\<0.05 and *p*\<0.01, respectively, [Figure 4C, 4D](#f4-medscimonit-22-1593){ref-type="fig"}). Thus, we confirmed the promotion by SIRT 1 of the growth of pancreatic cancer cells.

Discussion
==========

SIRT 1 is a key modulator in various metabolic pathways; it is implicated in many diseases, including NAFLD, ALS, and even cancers \[[@b25-medscimonit-22-1593]\]. SIRT 1 promotes the tumorigenesis of various cancers, such as gastric cancer, lung cancer, and colorectal cancer \[[@b26-medscimonit-22-1593]\]. Our study confirmed the association of SIRT 1 overexpression with metastasis of PDAC *in vivo*. Patients with LN metastasis or distant metastasis tended to overexpress SIRT 1 compared to those patients without LN metastasis or distant metastasis. There were fewer patients with SIRT 1 overexpression in G1 than in G2 or G3 tumor groups.

SIRT 1 is involved in protein deacetylation and activation, and involved in activation of various other proteins \[[@b16-medscimonit-22-1593]\]. The expression level of SIRT 1 is much higher in intra-tumor tissues than in peri-tumor tissues, and higher in patients with distant metastasis or with LN metastasis. SIRT 1 and its ligand modulate the cellular metabolism and further influence the transcription, autophagy DNA damage repair, and apoptosis \[[@b25-medscimonit-22-1593]\]. Some reports suggest SIRT 1 activates acetylation of FOXO-1, and induces apoptosis in pancreatic cancer \[[@b27-medscimonit-22-1593]\], but other reports imply that high SIRT 1 expression is a negative prognosticator in PDAC \[[@b24-medscimonit-22-1593]\]. Our study investigated the regulation by SIRT 1 on migration and growth of PDAC cells *in vitro*. Results using both gain-of-function and loss-of-function strategies confirmed SIRT 1 promoted the migration and growth of PDAC PANC-1 or BxPC-3 cells. Thus, SIRT 1 is directly associated with the metastasis of PDAC and the expression of SIRT 1 promoted the migration and growth of PDAC cells. However, the mechanisms underlining such a promontory role of SIRT 1 in PDAC cells is not clear.

Conclusions
===========

In summary, this study demonstrated that SIRT 1 was overexpression in PDAC in association with the tumor metastasis. Our study also showed that overexpression of SIRT 1 promoted the migration and growth of PDAC cells. These results suggest that SIRT 1 might be a prognostic biomarker for PDAC, and a novel chemotherapeutic target in PDAC.

**Source of support:** Departmental sources

![Overexpression of SIRT 1 in PDACs, associating with cancer migration. (**A**) Upregulated SIRT 1 mRNA level in intra-tumor tissues *vs.* peri-tumor tissues of PDACs. (**B, C**) Relative SIRT 1 mRNA level in PDAC tissues (intra-tumor) with or without distant metastasis (**B**), or with or without LN metastasis (**C**); Statistical significance was considered when *p*\<0.05 or less.](medscimonit-22-1593-g001){#f1-medscimonit-22-1593}

![SIRT 1 overexpression promotes the migration of PDAC PANC-1 or BxPC-3 cells. (**A, B**) Relative SIRT 1 mRNA level in PANC-1 (**A**) or BxPC-3 (**B**) cells post-infection with one MOI pLenti-SIRT 1 or pLenti-Con virus for 0 or 24 hours. (**C**) Representative imaging of PANC-1 cell migration post-infection with one MOI pLenti-SIRT 1 or pLenti-Con virus for 0 or 24 hours. (**D**) Counting of migratory PANC-1 cells in blank, pLenti-SIRT 1, or pLenti-Con group; Blank: PANC-1 cells without infection with pLenti-SIRT 1 or pLenti-Con virus. E,F: Representative imaging (**E**) and counting (**F**) of migratory BxPC-3 cells in blank, pLenti-SIRT 1 or pLenti-Con group. Data was averaged for triple independent results. \*\* *p*\<0.01, \*\*\* *p*\<0.001, ns: not significant.](medscimonit-22-1593-g002){#f2-medscimonit-22-1593}

![SIRT 1 knockdown inhibits the migration of PDAC PANC-1 or BxPC-3 cells. (**A**) Relative SIRT 1 mRNA level in PANC-1 cells post-transfection with 30 or 60 nM siRNA-Con or siRNA-SIRT 1 for 24 hours. (**B**) Representative imaging of migrating PANC-1 cells post-transfection with 60 nM siRNA-Con or siRNA-SIRT 1 for 48 hours, post scratching. (**C, D**) Counting of migratory PANC-1 (**C**) or BxPC-3 (**D**) cells post-transfection with siRNA-Con- or siRNA-SIRT 1. Experiments were performed independently in triplicate. \* *p*\<0.05, \*\* *p*\<0.01, or \*\*\* *p*\<0.001, ns: not significant.](medscimonit-22-1593-g003){#f3-medscimonit-22-1593}

![Colony forming assay for PDAC Panc-1 or BxPC-3 cells post the up- or downregulation of SIRT 1. (**A, B**) Representative imaging (**A**) or counting (**B**) of the colonies formed by PANC-1 or BxPC-3 cells post-infection with one MOI pLenti-SIRT 1 or pLenti-Con virus for 48 hours. (**C, D**) Representative imaging (**C**) or counting (**D**) of the colonies formed by PANC-1 or BxPC-3 cells post-transfection with 60 nM siRNA-SIRT 1 or with 60 nM siRNA-Con for 48 hours; The experiments were performed independently in triplicate. Statistical significance was shown as \* *p*\<0.05, \*\* *p*\<0.01.](medscimonit-22-1593-g004){#f4-medscimonit-22-1593}

###### 

Correlation of Sirt 1 overexpression with the metastasis of pancreatic ductal adenocarcinoma.

  Characteristics      Cases (n=91)   High Sirt 1[\*](#tfn1-medscimonit-22-1593){ref-type="table-fn"}   Low Sirt 1   P value           
  -------------------- -------------- ----------------------------------------------------------------- ------------ --------- ------- -------------------------------------------------------------
  Age (years)                                                                                                                          0.250[\*\*](#tfn2-medscimonit-22-1593){ref-type="table-fn"}
   \<65                45             22                                                                56.41        23        44.23   
   ≥65                 46             17                                                                43.59        29        55.77   
  WHO tumor stage                                                                                                                      0.281
   I--IIA              20             7                                                                 17.95        13.1      25.27   
   IIB                 61             25                                                                64.10        36        69.23   
   III                 6              4                                                                 10.26        1.71      3.30    
   IV                  4              3                                                                 7.69         1.14      2.20    
  Tumor stage                                                                                                                          0.250
   T1                  /              /                                                                 /            /         /       
   T2                  24             7                                                                 17.95        17        32.69   
   T3                  60             28                                                                71.79        32        61.54   
   T4                  7              4                                                                 10.26        3         5.77    
  LN metastasis                       39                                                                                               0.014
   Positive            38             22                                                                56.41        16        30.77   
   Negative            53             17                                                                43.59        36        69.23   
  Distant metastasis                                                                                                                   0.020
   Positive            30             18                                                                46.15        12        23.08   
   Negative            61             21                                                                53.85        40        76.92   
  Grade                                                                                                                                0.006
   G1                  19             4                                                                 10.00        15        28.85   
   G2                  32             11                                                                27.50        21        40.38   
   G3                  41             25                                                                62.50        16        30.77   

Standard for low or high Sirt 1 expression: Sirt 1 mRNA level was less than two folds of peritumor tissues.

P value was calculated with chi-square test.
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